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(57) ABSTRACT 

The invention relates to a programmable transverse filter 
required for the matched filtering of signals with very wide 
passband. The signals to be filtered modulate one or more 
optical carriers (F1) in a modulator (MOD). Each carrier is 
distributed over several channels by a distributor (DIV). A 
delay creation circuit (CR1 to CRn) is provided in each 
channel. These channels are next summed after having been 
correctly delayed and assigned a coefficient characteristic of 
the signal to be detected. 

24 Claims, 3 Drawing Sheets 

M. PBS WA p 

  



5,475,525 Sheet 1 of 3 Dec. 12, 1995 U.S. Patent 

  



5,475,525 Sheet 2 of 3 Dec. 12, 1995 U.S. Patent 

WW 

  



U.S. Patent Dec. 12, 1995 Sheet 3 of 3 5,475,525 

  



5,475,525 
1. 

TRANSVERSE ELECTRICAL FILTER 
OPERATING OPTICALLY 

The invention relates to a transverse electrical filter 
operating optically and more particularly to a programmable 
transverse filter using optical architecture. 

This programmable transverse filter is more particularly 
applicable to the matched filtering of wideband signals. 

The principle of the transverse filter is the summation of 
signals extracted with various delays and various weights, 
along a transmission line that is excited by the signal to be 
filtered. It is sought to determine, with the aid of such a 
linear filter, the time of appearance of a signal p(t) known a 
priori. This transient signal p(t) of finite duration T is in 
reality mixed with noise b(t) which is assumed to be 
independent of p(t). Thus, it is the signal x(t)=p(t)+b(t) 
which it is necessary to filter. When such a filter is produced 
and maximizes the signal-to-noise ratio at the instant T, it is 
said to be matched. In the case of ideal white noise, the 
impulse response h(t) of the matched filter is h(t)=p(-t). 
When the noise is not white, this filter is no longer optimal, 
however it nevertheless still enables the time of arrival of 
p(t) to be determined in most cases. 

Matched filters are produced in the majority of cases by 
the weighting method such as described in the document: “J. 
Max-"Signal processing methods and techniques and 
applications to physical measurements' published by Mas 
son, 1987. The signal x(t) is permanently injected into the 
input of a delay line consisting of N elements each giving a 
delay it as shown in FIG. 1. It is furthermore assumed that 
there is sampling on N+1 points of the signal p(t):p(o), p(t), 
p(Nt). The output from each element constituting the delay 
line is weighted by a coefficient such that: 

where P is the maximum value of the modulus of p(t). 
We thus have -14.<1. When at a given instant t we form 
the sum of the N-t-1 weighted outputs, we obtain a signal 
Y(t) such that: 

N 
y(t) = X. X (to - kt)p(N-k)} with NI = T 

k=o 

N 
= X, X(t)pt. - (to-T) with (tk = i - kt) 

kro 

This is in fact the output of the matched filter at the instant 
to T. 
The present technique makes it possible to produce such 

a device by numerical means but it is then limited to low and 
middle frequencies. Other solutions, based on optical fibers, 
have been proposed such as that described in the document 
K. P. Jackson-H. J. Shaw - "Fiber-optic delay-line signal 
processors' in Optical Signal Processing, edited by J. L. 
Horner, Academic Press, but they run up against the diffi 
culty of producing a large number of coupling points. 
The device according to the invention makes it possible to 

resolve these two problems, namely, it allows operation at 
high frequencies with a large number of coupling points and 
it therefore permits a large number of samples on signals at 
very high frequencies, typically N=1024 from 0 to 20 GHz. 
The invention therefore relates to a transverse filter char 

acterised in that it includes: 

an electrooptical modulator receiving an optical wave and 
an electrical signal to be filtered and retransmitting the 
optical wave modulated by the electrical signal, this 
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2 
retransmitted optical wave being linearly polarized; 

a beam splitter splitting the modulated optical wave into 
several elementary channels; 

at least one unit for creating delays in series following the 
direction of the elementary channels, each unit includ 
ing as many delay creation circuits as there are elemen 
tary channels and each placed on an elementary chan 
nel; 

a beam concentrator grouping the various channels 
together and focusing them onto a light intensity detec 
tO. 

The various subjects and characteristics of the invention 
will emerge more clearly in the description which follows 
and in the attached figures which show: 

FIG. 1, a system according to the known art already 
described; 

FIG. 2, a general illustrative embodiment of a transverse 
filter according to the invention; 

FIG. 3, a detailed illustrative embodiment of a transverse 
filter according to the invention; 

FIG. 4, an illustrative embodiment of a unit for creating 
delays; 

FIG. 5, a variant embodiment of a unit for creating delays; 
FIG. 6, a variant embodiment of the means of detecting 

light intensity. 
A general illustrative embodiment of a transverse filter 

according to the invention will therefore now be described 
with reference to FIG. 2. 

This filter includes: 
a source Semitting a light beam F1; 
an electrooptical modulator MOD receiving the beam F1 

as well as an electrical control signal x(t) which enables 
the beam to be modulated so as to provide a beam F2 
modulated by the electrical signal x(t) to which it is 
desired to apply a transverse filtering, that is to say to 
detect an item of information relating to frequencies 
distributed over a time T, 

a beam splitter DIV receiving the beam F2 and distrib 
uting it over n elementary channels f to fin; 

circuits for creating optical delays CR1 to CRn, each 
located in series on an elementary channel f1 to fn; 

amplitude modulators MA to MAn modulating the 
intensity of the light of each elementary channel; 

a focusing device L for focusing the various channels; 
a light intensity detector device PD (photodetector) 

receiving the focused beam. 
Thus, by assigning suitable delays to each delay circuit 

CR1 to CRn, a specified item of information contained in the 
signal x(t) will be found by detecting a light intensity peak. 
A detailed illustrative embodiment of the device of the 

invention will now be described with reference to FIG. 3. 
The linearly polarized beam F1 emanating from a laser 

source S is coupled into a modulator MOD. The latter is, for 
example, a modulator integrated on LiNbO and possesses 
a passband stretching from 0 to 20 GHz. It is excited by the 
signal to be filtered x(t). The linearly polarised beam F2 
emanating from the modulator MOD is next expanded by 
means of an afocal system BE so as to cover the surface of 
a spatial light modulator M. This modulator is for example 
a liquid crystal cell containing nxn picture elements. In each 
picture element, the polarization of the incident light can be 
rotated by 0° to 90°, depending on the voltage applied It may 
be noted that just two states (0° and 90°) are necessary and 
hence ferroelectric liquid crystal cells are very suitable. The 
Spatial modulator M is arranged so that it apportions nXn 
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parallel pathways in the stretched laser beam. An assembly 
of polarization splitting cubes PBS and PBS12 and of a 
completely reflecting prism P1 is placed in series with the 
modulator M. As can be seen in FIG. 4, choosing the state 
of polarization on each picture element of the modulator M1 
makes it possible to choose the route followed by each of the 
nXn channels comprising the optical carrier of the signal 
x(t). The spatial modulator M-splitting cubes PBS/ 
PBS-reflection device P1 assembly constitutes a first 
delay creation circuit. 

This first delay creation circuit is followed by a second 
delay creation circuit placed in series (spatial modulator 
M-splitting cubes PBS/PBS-reflection device P2) 
and so on up to ap" delay creation circuit (spatial modulator 
Mp-splitting cubes PBS/PBS-reflection device Pp). 
These various circuits are such that each picture element of 
each spatial modulator M2 to M is aligned with an elemen 
tary channel created by the spatial modulator M. When the 
expanded beam has passed through all the splitting cubes 
(PBS), it enters a spatial amplitude modulator MA. This is 
for example a liquid crystal cell identical to the spatial 
modulators Mi but arranged between crossed polarizers in 
order to modulate the intensity of the beam crossing it. The 
modulator MA makes it possible, in each channel, to assign 
a previously defined coefficient k to the amplitude of the 
optical carrier. A lens L is employed next providing for the 
summation of all these parallel channels on a fast photo 
diode PD. This summation must be incoherent so as not to 
be disturbed by optical phase shift terms. It is therefore 
necessary for the coherence length of the laser to be less than 
the smallest optical path difference permitted by the system, 
that is to say by the difference imposed by the smallest delay 
increment. At the instant t the optical carrier, in each 
channel, before crossing MA is of the form: 

where: 
() is the angular frequency of the laser, 
t is the delay increment of the device. 
In actual fact the reflection devices (prisms Pi) are 

arranged so as to define delays in geometric progression: t, 
2t, 4t, ... 2P, with moreover 2P(=Nt. On crossing MA, 
each channel is assigned a coefficient characteristic of the 
signal to be detected in x(t) and thus becomes: 

Sk(to) = Sakx (to - kt) 
= p((N-k)) x (to - kt)/Pnal) 

Since the summation is incoherent, the photodiode PD 
delivers a photocurrent proportional to the sum: 

which is the output of the matched filter at the instant t-T. 
It may be remarked that the reconfigurability of the spatial 

modulators Mi is not indispensable here. Indeed, the paths 
can be fixed once and for all and the value of the alone 
may be modified. The spatial modulators Mi may therefore 
be replaced by fixed arrays of W2 plates (W wavelength of 
the laser). 
A degree of reconfigurability of the system may however 

be useful when 2'>N. Indeed, it is then possible to choose 
the desired delay sequence: 
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4 
t, 2, 4t, ... 20t-Nt 

O 

and thus to match the passband of the filter to that of the 
signal p(t) to be detected. 

FIG. 5 shows a variant embodiment of a delay circuit. 
It includes an entrance polarization-splitting device 

(cube) PBS, two reflection devices (prism)P, and P2 and 
an exit splitter device (cube) or polarization recombiner 
PBS. These four devices determine, for the two polariza 
tion, two optical paths of equal geometric length. However, 
one of the paths includes a parallel sided plate FPi which 
incorporates an optical delay into the optical path. The two 
optical paths are therefore not of equal optical length. Such 
a variant thus makes it possible to produce very small 
delays. 

FIG. 6 shows a variant embodiment of the device of the 
invention. 

In this variant, the lens L is replaced by an array of lenses 
L1, ... Lin. A fast photodiode PD1, PD (1<nkj) is placed at 
the focus of each lens. Each lens makes it possible to sum 
N parallel channels. Thus the modulator MA is divided into 
n regions each of N pixels. With each region is associated a 
series of coefficients enabling a signal pj(t), present in 
x(t), to be recognized. This is equivalent to arranging J 
matched filters in parallel, the photocurrent provided by 
each photodiode being the result of filtering x(t) with the 
filter corresponding to pi(t). 

According to another variant embodiment, the number of 
samples desired is typically N=1024. In this variant, the 
number of elements of the spatial modulators Mi is nxn= 
Nxn'. Within a given group of n' picture elements, the latter 
are in the same state of excitation. The architecture proposed 
thus provides N beams of n' parallel pathways. Each beam 
therefore plays the role previously described of a picture 
element. Similarly MA contains nXn pixels. The picture 
elements of this spatial modulator MA have no more than 
two possible transmission states 0 and 1. Thus, by choosing 
the number of picture elements of the modulator MA in the 
passing state in a beam of n' pathways, the desired weight is 
assigned to the delay value provided by this beam. Control 
of the weights is then no longer analog but becomes digital. 
The number n' therefore quantifies the dynamic range of the 
weights. 
By way of illustrative embodiment, the transverse filter 

according to the invention can be produced as follows: 
S: largely multimode, diode-pumped, solid-state laser, a 
few 100 mW, A=1.3 um-1.5 um 

MOD: optical modulatorintegrated on LiNbO, wide band 
0-20 GHz depth of modulator 80 to 100% insertion 
loss 6 dB 

Mi: 40x40 mm ferroelectric or twisted nematic liquid 
crystal cells 32x32 individually controlled pixels 
extinction ratio between crossed polarizers: 1:1000 

MA: identical to the Mi but placed between crossed 
polarizers 

PD: fast photodiode 
Value of the delays: for 20 GHz of passband, the incre 

ment t=25 ps. 1024 increments are produced in 1024 
pathways by means of 10 modulators Mi 

The device according to the invention offers the following 
advantages: 

It makes it possible to filter signals of very high frequency 
and with wide passband since the value of the delay incre 
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ment can be as small as desired (see FIG. 5: the delay results 
from interposing a parallel sided plate in the path of one of 
the polarization). 

Control of the weights is effected in parallel with a 
single device Mi. Moreover, this control, which is indepen 
dent in each pathway, makes it possible to compensate the 
dispersion in levels resulting from the various routes fol 
lowed. 
The architecture proposed is fully reconfigurable at each 

instant. The value of the delay increment can thus be 
continuously matched to the passband of the signal to be 
filtered. 
A larger number of pathways than delays allows for the 

defectiveness of some picture elements without affecting the 
performance of the system. 

Clearly, the preceding description has been given merely 
by way of example and other variants may be envisaged 
without departing from the scope of the invention. In par 
ticular, the delay creation devices (liquid crystal cells, polar 
ization splitters, etc.) as well as the amplitude modulator 
may be produced differently from what has been described. 
We claim: 
1. Device for processing a signal comprising: 
an electro-optical modulator for receiving an optical wave 

and an electrical signal and retransmitting the optical 
wave modulated by the electrical signal, this retrans 
mitted optical wave being linearly polarized; 

a beam splitter aligned along a path of the retransmitted 
optical wave for splitting the modulated optical wave 
into several elementary channels so that the modulated 
optical wave is travelling simultaneously along more 
than one of the several elementary channels relative to 
another one of the channels; 

a unit for creating time delays for a portion of the 
modulated optical wave along at least one of the 
channels relative to another one of the channels, said 
unit including means for creating said time delays for 
each of the elementary channels; 

a spatial light modulating means for modulating an ampli 
tude of at least one of the elementary channels relative 
to an amplitude of another one of the elementary 
channels; 

a light intensity detector; and 
a beam concentrator for concentrating the portions of the 

modulated optical signals from the various channels 
and for focusing the optical signals from the various 
channels onto said light intensity detector. 

2. A device according to claim 1, wherein time delays 
provided to each elementary channel are independently 
controlled by said unit for creating time delays. 

3. A device according to claim 1, further comprising: 
a polarizer arranged ahead of the beam splitter in such a 
way that the modulated optical wave is linearly polar 
ized at the beam splitter. 

4. A device according to claim 3, further comprising: 
a liquid crystal cell containing at least as many picture 

elements as there are elementary channels, each picture 
element including control means enabling control of 
the direction of polarization of the light to be rotated by 
90°; and 

a first polarization splitter for transmitting the light of a 
first polarization through a first circuit along a specified 
exit direction and the light of a second polarization 
through a second circuit along the same specified exit 
direction. 

5. A device according to claim 4, wherein the beam 
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6 
splitter transmits the light of the first polarization along the 
exit direction and said exit direction is substantially collinear 
with the direction of the incident light, towards a unit for 
creating successive time delays or towards the beam con 
centrator, and the beam splitter also reflects the light of the 
second polarization towards a delay circuit, which delay 
circuit then retransmits the light along a direction that is 
collinear with the exit direction. 

6. A device according to claim 5, further comprising: 
a second polarization splitter that is in series with the first 
beam splitter, said second polarization splitter for trans 
mitting the first polarization, said unit for creating 
delays being coupled to this second polarization splitter 
1. 

7. A device according to claim 4, further comprising: 
a parallel sided plate; and 
wherein the first circuit and the second circuit are of equal 

geometrical length, one of the first and second circuits 
being partially defined by said parallel sided plate. 

8. A device according to claim 7, further comprising: 
a first reflection device; 
a second reflection device; 
wherein the light of the first polarization transmitted by 

the first polarization splitter is reflected by said first 
reflection device towards a second polarization splitter; 
and 

wherein the light of the second polarization reflected by 
the first polarization splitter is reflected by said second 
reflection device towards the second polarization split 
ter in such a way that the latter renders the light of the 
two polarizations collinear. 

9. A device according to claim 8, further comprising: 
a plurality of delay creation units for creating time delays 

in one of the several elementary channels relative to 
another one of the several elementary channels; and 
such a way that the light originating from said unit for 
creating delays is reflected along the exit direction. 

10. A device according to claim 4, wherein each liquid 
crystal cell includes several groups of picture elements, each 
of the groups of picture elements corresponding to a delay 
creation channel. 

11. A device according to claim 1, wherein said spatial 
light modulating means comprises amplitude modulators, 
each one of which is located in series with one of the several 
elementary channel, thereby providing the ability to selec 
tively filter each one of the several elementary channels. 

12. A device according to claim 11, wherein said ampli 
tude modulators each include a crystal cell containing as 
many picture elements as there are elementary channels, 
each picture element being in a path of one of said several 
elementary channels. 

13. A device according to claim 1, wherein the beam 
concentrator includes a lens. 

14. A device according to claim 1, wherein said light 
intensity detector includes a photodetector. 

15. A device according to claim 1, wherein said beam 
concentrator includes several lenses and several light inten 
sity detectors, each of said several lens focusing the light of 
a specified number of the several elementary channels onto 
a specified one of said several light intensity detectors. 

wherein each delay creation unit includes parallel sided 
plate and wherein one of the parallel sided plates 
included in one of the several elementary units has a 
thickness which is different from one of the parallel 
sided plates included in another one of the several 
elementary units. 
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16. A device according to claim 1, wherein said spatial 
light modulator is in series with each one of the several 
elementary channels and comprises several picture elements 
per channel, each picture element having two possible 
optical states (blocking or passing states), whereby the 
number of elements in the passing state enables a weight to 
be assigned to the value of the time delay of that channel. 

17. A device according to claim 16, further comprising: 
a liquid crystal cell containing at least as many picture 

elements as there are elementary channels, each picture 
element including means for controlling the direction 
of polarization; and 

wherein each liquid crystal cell includes several groups of 
picture elements, each one of the several groups of 
picture elements corresponding to a delay creation 
channel. 

18. A filter for filtering a time dependent signal, compris 
ing: 

an electro-optic modulator for modulating a property of 
an optical beam with said time dependent signal when 
said time dependent signal is applied to said electro 
optic modulator, said optical beam having a direction of 
propagation, a spatial extent in a transverse direction 
that is transverse to said direction of propagation, and 
being modulated along said direction of propagation by 
application of said time dependent signal to said elec 
tro-optic modulator; 

means for selectively delaying a first portion of said 
optical beam that is located in a different position along 
the transverse direction of said optical beam than a 
second portion of said optical beam, relative to the 
second portion of said optical beam; 

a spatial light intensity modulator, situated along the path 
of said optical beam, for independently modulating 
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intensity of the first portion and the second portion; and 

means for detecting the combined intensity of both the 
delayed portion and the non-delayed portion of said 
optical beam. 

19. A filter according to claim 18, wherein said property 
is electric polarization direction of said optical bean. 

20. A filter according to claim 18, wherein said spatial 
light intensity modulator is disposed along the path of said 
optical beam and downstream, relative to said direction of 
propagation of said optical beam, of said means for Selec 
tively delaying. 

21. A filter according to claim 20, wherein said means for 
selectively delaying further comprises a polarizing beam 
splitter aligned along the path of said optical beam and 
downstream, relative to said direction of propagation, of said 
electro-optic modulator. 

22. A filter according to claim 20, further comprising a 
plurality of sets of spatial light intensity modulators and 
polarization beam splitters, each set being arranged along 
the path of the optical beam. 

23. A filter according to claim 18, further comprising a 
beam expander for expanding the spatial extent of the beam 
in the transverse direction, said beam expander being dis 
posed along the path of the optical beam upstream of the 
means for selectively delaying; and 

a beam focuser that is disposed along the optical path of 
the beam and downstream of the spatial light intensity 
modulator, said focuser for focusing the beam size 
down to a reduced size for detection by said means for 
detecting. 

24. A filter according to claim 18, further comprising a 
laser for generating the optical beam and arranged to trans 
mit the optical beam through the electro-optic modulator. 

ck k is :: *k 


